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2) 原位 IR 光谱实验结果表明：200 °C 时丙烷/O2混合气在催化剂表面吸附后
























The selective oxidation of propane to acrolein is an important reaction for the 
utilization of light alkanes. The main challenge for this process is that propane is less 
reactive than the desired products, and activation of the reactant needs operating condition 
(higher reaction temperature for example) which is detrimental to the stability of the 
reaction intermediates and products. A better understanding of the reaction mechanisms and 
the involved intermediates as well as their conversion dynamics on the catalyst surface is 
the key for the design of the active and selective catalysts. 
In the present work, the selective oxidation of propane (SOP) to acrolein over 
MoPO/SiO2 catalysts was studied. The effects of P loading and support on the structure, 
acid-base and redox properties as well as the catalytic performance of the supported Mo 
catalysts were investigated. To elucidate possible reaction pathway for propane selective 
oxidation to acrolein over MoPO/SiO2 catalyst, the oxidative conversions of propane, 
possible intermediates or their probe molecules as well as the reaction products of SOP to 
acrolein on the catalyst were studied. The surface species formed by adsorption of these 
molecules on the catalyst and the transformation of these adspecies at elevated temperature 
were characterized by in situ IR spectroscopy. The main results are summarized as follows: 
1) The addition of certain amount of phosphorus to MoO/SiO2 increases the activity 
and selectivity of the catalyst for propane selective oxidation to acrolein. By forming 
Mo-O-P bond with the Mo species, phosphorus component in the catalyst improves the 
dispersion of Mo oxide species that will be favorable to the formation of isolate active sites 
on the catalyst. The effects of supports on the catalytic behavior of the supported MoPO 
catalysts for SOP to acrolein were also investigated.  
2) The results of in situ IR studies showed that the IR bands of the adsorbed acetone 
and acrolein species were observed over the MoPO/SiO2 catalyst after interacting with a 
gas mixture of C3H8/O2 at 200 °C. Similar IR spectrum arising from the adsorption of 
isopropanol over the catalyst at the same temperature was observed. The adsorption of 
isopropanol and 2-Br-propane at 100 °C result in isopropoxy species, which can either 
convert to propene or to acetone at higher temperature. Propene can then convert to 
acrolein through allylic process. While the adsorptions of 1-propanol and 1-Br-propane at 
100 °C give rise to 1-propoxy species, which mainly converted to propanal at higher 
temperature. IR spectrum arising from the interaction of propene with the catalyst at 100 
°C shows the IR bands of allyl alcoholate and isopropoxy species. As the temperature was 
increased to 150 °C, the bands ascribable to the adsorbed acetone and acrolein were 
observed. Based on these results, it is suggested that isopropoxy species is one of the 
intermediates for SOP to acrolein over MoPO/SiO2 catalyst. The isopropoxy species can 
either convert to propene by β-hydrogen elimination or to acetone by dehydrogenation and 
the former can further convert to acrolein through allylic process. 
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以 BiMoO 为主要组成的复合氧化物催化剂，反应温度 300~350 °C，反应
时丙烯醛产率可达 90%左右[13-15]；丙烯醛氧化制丙烯酸催化剂是含 Mo 和
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有 V 或(和)Mo 元素，大至可分为以下几类：1) AgBiMoVO 催化剂；2) 
MoVTe(Sb)NbO 催化剂；3) 含 P 催化剂，包括杂多酸、VPO 和磷酸盐催
化剂；4) 其它催化剂，包括含卤素的催化剂和两段式催化剂等．其中
MoVTe(Sb)NbO、杂多酸和 VPO 催化剂是目前研究较多的催化剂． 
 














Baerns 等把 AgBiMoVO 催化剂分别负载于 MexOy(Al2O3, TiO2, SiO2)
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Me7Bi5Mo12Oy 为载体时，丙烯醛选择性与 Me 密切相关，当载体为
Ca7Bi5Mo12Oy和 Mg7Bi5Mo12Oy时，丙烯醛选择性分别为 34%和 20%． 
 















Mo1V0.3Te0.23Nb0.12Ox C3/air/H2O 380 80 60 
Mo1V0.3Te0.23Nb0.12Ox C3/air/H2O 390 71 59 
Mo1V0.3Te0.23Nb0.12Ox C3/O2/H2O/He 350 23 61 
Mo1V0.3Sb0.16Nb0.05Ox C3/air/H2O 380 50 32 
Mo1V0.3Sb0..25Nb0.11Ox C3/O2/H2O/N2 400 21 64 
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1.2.3  含 P 催化剂 
1.2.3.1  杂多酸(盐)类催化剂 
杂多酸具有多种笼状结构，如 Keggin，Dawson 和 Anderson 等结构，
用于多相催化反应的主要是具有 Keggin 结构—[Xn-M12O40](8-n)-的杂多酸，
即中心离子 Xn-周围由 12 个共边和共角的 MO6 单元组成[51]．杂多酸催化剂
由于结构特殊，而具有特殊的物理化学性质和催化性能，例如，杂多酸催





化剂也被用于丙烷选择氧化制丙烯酸反应(表 1-2)．80 年代初，Rohm 和
Haas 公司 早将杂多酸催化剂应用于催化丙烷氧化制丙烯酸反应[54]，90
年代初，Centi 等发现 H5PV2Mo10O40 催化剂在丙烷氧化制丙烯酸反应中表
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Table 1-2  Heteropoly compounds for propane oxidation to AA. 
Catalyst Feed 
(C3=propane) 
T (°C) Conv. (%) 
AA 
sel.(%) 
H3-nSbnP1Mo12O40 C3/O2/H2O/N2 340 10 19 
H5PV2Mo10O40 C3/O2/N2 - 41 22 
H3PMo12O40 C3/O2/H2O/N2 340 0 - 
(NH4)3PMo12O40 C3/O2/H2O/N2 340 4.5 6 
(PyH3)3PMo12O40 C3/O2/H2O/N2 340 12 50 
H1.26Cs2.5Fe0.08PVMo11O40 C3/O2/N2 380 47 28 
H3+nPVnMo12-nO40/ 
Cs3PMo12O40 
C3/air/H2O/N2 400 50.4 21.5 
AA：acrylic acid. 
 











入 Cs+可以使催化剂活性相 Keggin 结构稳定存在，用 Cs+，Fe3+或 Ni2+替代
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